Purification and characterization of clavaminate synthase from Streptomyces antibioticus. A multifunctional enzyme of clavam biosynthesis.
Clavaminate synthase (CS), a key enzyme in the clavulanic acid biosynthetic pathway, has been purified to electrophoretic homogeneity from Streptomyces antibioticus (Tü 1718), a species that does not produce clavulanic acid. A comparison of the physical and kinetic properties of clavaminate synthase from S. antibioticus (CS3) and the two isozymes from Streptomyces clavuligerus (CS1 and CS2) has been conducted. In oxidative reactions requiring the co-substrates O2, alpha-ketoglutaric acid, and catalytic Fe2+, both CS1 and CS2 catalyze three distinct transformations, the hydroxylation of deoxyguanidinoproclavaminic acid to guanidinoproclavaminic acid, and the cyclization and desaturation of proclavaminic acid to clavaminic acid. We have demonstrated that CS3 from S. antibioticus also catalyzes these three oxidations. The apparent molecular mass of CS3 from matrix-assisted laser desorption mass spectrometry is 35,839 +/- 36 Da. The enzyme is a monomer in solution as determined by gel filtration chromatography. Analysis of the four possible proclavaminic acid diastereomers confirmed the absolute configuration of the substrate to be 2S,3R. Based upon N-terminal sequence comparisons among the three proteins, CS3 possesses the higher degree of homology with the CS1 isozyme from S. clavuligerus. Although previously associated solely with clavulanic acid biosynthesis, we propose these findings and recent precursor incorporation data support the view that clavaminate synthase plays a critical role in the biosynthesis of the clavam metabolites.